The Drosophila suzukii (Matsumura) (Diptera: Drosophilidae) is a highly invasive species attacking a wide range of ripening soft-skinned fruits. A series of laboratory choice tests were conducted to determine whether different levels of rice vinegar affected attraction of Merlot wine to D. suzukii, as well as to compare attractiveness of two common fermentation food baits: wine-vinegar and yeast-sugar water mixtures. The relative attraction of various combinations was used to develop a bait whose effectiveness was tested in the field. In laboratory choice experiments, wine-vinegar (80:20, v:v, hereafter referred to as wine) was more preferred over a yeast-sugar water mixture (hereafter referred to as yeast) by D. suzukii. Combination baits, either a mixture of wine and yeast or a mixture of wine and a supernatant from the yeast (comboS), were significantly more attractive than each product alone. The two combination baits were equally attractive to D. suzukii, so were the yeast and its supernatant, suggesting that yeast supernatant could be used as a replacement for the yeast-sugar mixture currently used for trapping D. suzukii. The additive effect between wine and yeast supernatant in the field was not as profound as observed in the laboratory. In the field trial, numerically more male and female D. suzukii were captured in traps baited with comboS than those baited with the wine or yeast alone; however, significant differences were only found between the comboS and wine or between the comboS and yeast in some weeks over the period of the experiment.
The recent invasion of North America by Drosophila suzukii (Matsumura) has resulted in millions of dollars of losses in a range of crops (Bolda et al. 2010) . This is largely because D. suzukii is one of a few drosophila species that has evolved a serrated ovipositor capable of piercing the skin of unwounded, ripening fresh fruits and laying their eggs inside the flesh, whereas nearly all other drosophila lay eggs in already compromised fruit (Mitsui et al. 2006 , Scheidler et al. 2015 . Larvae hatch and develop inside the fruit resulting in a high risk of larvae being present at the time of harvest. Infested fruit often appears otherwise sound until opened, making damaged fruit difficult to scout or remove and prone to invasion by secondary pathogens (Cini et al. 2012) . Drosophila suzukii's rapid reproductive output, wide host range including wild and cultivated plants, and ability to rapidly disperse further contribute to the relative invasiveness and destructiveness of this species .
Detection and monitoring of D. suzukii are essential to development of integrated pest management programs for this pest. Achieving this requires developing efficient traps and baits that are attractive and selective. Current detection and monitoring system for D. suzukii are less than optimal, as the baits used also trap a diversity of other flying insects, and exhibit variable performance across region and crop type (Burrack et al. 2015) . Thus, identifying attractants for D. suzukii that are species specific and effective under a wide range of environmental conditions is essential to optimize trapping programs. The search for and evaluation of attractants for D. suzukii has garnered considerable attention (Abraham et al. 2015 , Burrack et al. 2015 , Revadi et al. 2015 .
At present, lures and baits used for D. suzukii monitoring are based around feeding and oviposition modalities. Apple cider vinegar has commonly been used as a food bait for D. suzukii, but it is not the most efficient attractant compared to other fermented baits (Cha et al. 2012 (Cha et al. , 2014 Landolt et al. 2012a,b; Iglesias et al. 2014; Burrack et al. 2015) . Drosophila suzukii was shown to be highly attracted to a combination of Merlot grape wine and rice vinegar (Landolt et al. 2012a,b) ; and a synthetic lure based on odors from this mixture is comparable to the wine and vinegar mixture and enhances selectivity for D. suzukii in the field (Cha et al. 2012 (Cha et al. , 2014 . The synthetic lure, however, is less attractive compared to a fermenting bait consisting of whole wheat flour, sugar, apple cider vinegar, and active dry yeast (Burrack et al. 2015) . Furthermore, fermented baits containing baker's yeast have often proved to be the most consistent attractant for D. suzukii compared to other fermentation products in the field (Hamby and Becher 2016) .
It is not surprising that yeast fermentation products induce a strong response in D. suzukii, considering the importance of yeast as a food resource and potential indicator of habitat quality (Hamby and Becher 2016) . Drosophila species have evolved a strong mutualism with yeast communities (Scheidler et al. 2015) . Yeasts generate rich volatile chemicals which play critical roles in host preferences, mate location, and oviposition by flies (Scheidler et al. 2015) . Drosophila melanogaster Meigen are attracted to Baker's yeast more than to fruit volatile alone (Becher et al. 2012) . A synthetic blend, containing yeast-produced compounds such as ethanol, acetic acid, acetoin, 2-phenyl ethanol, and 3-methy-1-butanol, is as attractive as fermented grape juice or yeast to D. melanogaster (Becher et al. 2012) . Recently, it has been revealed that D. suzukii contain specific yeast flora with Hanseniaspora uvarum the most abundant, followed by Pichia terricola and P. kluyveri , and are attracted to these yeast species (Scheidler et al. 2015 , Mori et al. 2016 , further linking D. suzukii and specific yeast fermentation products.
The objectives of this study were to 1) determine the attractiveness of various ratios of wine and vinegar to D. suzukii, 2) compare attractiveness of the wine-vinegar and yeast-sugar water baits in the laboratory and evaluate a possible synergistic effect between the two baits, and 3) develop a better attractive bait by combining the winevinegar bait with the yeast supernatant and evaluate its effectiveness in the field.
Materials and Methods

Insects
A field-derived laboratory colony of D. suzukii was reared and maintained as described by Kirkpatrick et al. (2016) . Flies were reared on a solid standard corn meal diet (Dalton et al. 2011) in 50ml polystyrene vials (Genesee Scientific, CA) in a growth chamber at 24 C, 45% relative humidity under a photoperiod of 16:8 (L:D) h. Gender mixed flies used were 2 to 3 d old, anesthetized by CO 2 , and transferred to and kept in a Petri dish (100 by 15 mm) lined with moist Whatman filter paper (90 mm) for 2-3 h before experiments. Food and water were not provided during the experiment.
Experiment 1.1 D. suzukii Response to Wine and Vinegar Baits in the Laboratory
Merlot wine (13.8% v/v ethanol, The Hidden Cove brand, Vinifera Wine Co., King City, CA) and rice vinegar (4.2% v/v acetic acid, Nakano brand, Mizkan Americas, Inc., Mt. Prospect, IL) were purchased from a local Meijer grocery store (Okemos, MI). Based on the previous study by Landolt et al. (2012a,b) indicating attractiveness of a 60:40 wine and vinegar ratio (v:v), the following wine:vinegar ratios were tested: 100:0, 80:20, 60:40, 40:60, 20:80, and 0:100 with corresponding acetic acid percentages at 0, 0.84, 1.68, 2.52, 3.36, and 4.2%, respectively. Each test solution (5 ml) was loaded into a glass scintillation vial (20 ml, purchased from MSU warehouse, MI) and also served as the drowning solution. To ensure that the wine (red) and vinegar (light yellow) solutions were similar in color, 200 ml food dye (0.636 g/ml in water, Red Icing Color, Fabricado Para Wilton Industries, Inc., Woodridge, IL) was added into each solution and mixed thoroughly. All the test vials were randomly arranged and placed on the floor of a mesh cage (34 by 34 by 60 cm 3 , BioQuip Products Inc., Rancho Dominguez, CA) in a regular hexagon with 10-cm sides. The mesh cage had a clear plastic top for observation. The bottom of the cages was lined with a moist cotton cloth with green polka dots (9 mm diameter) evenly distributed on a white background to provide moisture and visual orientation cues. Each cage received 150 gender mixed flies released in the center of the cage. Flies were allowed 1 h to respond at which point the number of male and female flies drowned in each vial were recorded. The experiment was repeated eight times. In order to detect a linear, quadratic, cubic, quartic, or quantic pattern in numbers of flies captured (male, female, and total flies), orthogonal polynomial contrasts with equally spaced treatments was used for analysis of variance (ANOVA) after normality and homoscedasticity assumption were met by the Shapiro-Wilk and Levene tests, respectively (SAS Institute, 2006) . Mean separations were performed via Proc MULTTEST and raw P-values were adjusted by the Holm method.
Experiment 1.2 D. suzukii Response to Wine and Yeast Baits in the Laboratory
This experiment was conducted in binary choice tests between a wine-vinegar bait (hereafter referred as wine bait) and a yeast-sugar water bait (hereafter referred as yeast bait) in the mesh cages described in experiment 1.1. The wine bait consisted of 80% Merlot wine and 20% rice vinegar. The yeast bait was prepared on the night before the experiment by mixing 11 g active dry yeast (Red Star brand, Lesaffre Yeast Corporation, Milwaukee, WI) and 52 g pure granulated sugar (Meijer brand, Okemos, MI) in 355 ml water at the room temperature. Two glass scintillation vials, containing either 5 ml yeast or wine bait, were positioned at 33 cm apart on the bottom of the mesh cage. Each cage received 110 gender mixed flies. The number of male and female flies drowned in each vial were counted after 1 h. The experiment was repeated eight times. Numbers of male, female, and total flies (males þ females) were analyzed by paired t-test after normality and homoscedasticity assumptions were met based on the Shapiro-Wilk and Levene tests, respectively (SAS Institute, 2006).
Experiment 1.3 D. suzukii Response to Wine and Yeast Baits With Balanced Color Profiles in the Laboratory
Because D. suzukii are capable of perceiving color (Kirkpatrick et al. 2016) , the attractiveness of the wine and yeast baits may be due to color difference rather than odor cues. Therefore, the experiment comparing the wine and yeast baits was repeated with 200 ml red food dye added to both baits to minimize color difference. Each cage received 110 gender mixed flies, and experimental procedure was the same as Experiment 1.2. The number of male and female flies drowned in each vial were counted after 1 h. This experiment was repeated eight times. Numbers of male, female, and total flies (males þ females) were analyzed by paired t-test after normality and homoscedasticity assumptions were met based on the Shapiro-Wilk and Levene tests, respectively (SAS Institute, 2006).
Experiment 1.4 D. suzukii Response to a Wine and Yeast Supernatant Combination Bait in the Laboratory
This experiment examined the attractiveness of a bait that combined wine and the top layer of product (supernatant) from the fermenting yeast-sugar mixture. Yeast bait was prepared 4 d prior to the experiment when the supernatant on the top was well separated from all the yeast cells at the bottom. After the supernatant (5 ml, yeastS) was transferred into glass scintillation vials (20 ml), the leftover (yeast) was heavily shaken to produce a homogenous yeast suspension; 5 ml of which (yeast) was allocated into another set of glass vials. Gender mixed flies (150) were given a 5-choice test in the mesh cage containing wine (5 ml, 80% Merlot wine and 20% rice vinegar), yeast, yeastS, the combination of wine and yeast bait (10 ml, combo), and the combination of wine and yeastS (10 ml, comboS). The combination baits were prepared by mixing 5 ml of the individual baits in glass scintillation vials. Five treatment vials were arranged in a regular pentagon (13 cm sides) at the bottom of the cage. The experiments were run for 1 h and the number of male and female flies in each drowning solution were counted. This experiment was repeated six times. Numbers of flies captured (male, female, and total flies) were subjected to analysis of variance (ANOVA) using a randomized complete block design (block ¼ cage) after normality and homoscedasticity assumption were met by the Shapiro-Wilk and Levene tests, respectively (SAS Institute, 2016). Mean separations were performed via a post hoc Tukey's HSD test (a ¼ 0.05). To examine a possible synergistic interaction between wine and yeast, or between wine and yeastS, data were arranged into two subsets. Each subset was analyzed as a 2 Â 2 factorial ANOVA (component A [present or absent] Â component B [present or absent] ). Significant interactions in this approach indicate whether the combination of the two components act synergistically or antagonistically.
Experiment 2.0 Field Trapping Study
This experiment evaluated attractiveness of the comboS bait to wild D. suzukii in a commercial Montmorency tart cherry orchard located in southwest Michigan with rows spaced at 8.5 m apart and trees within rows spaced at 5.8 m apart. Traps were clear plastic deli cups (946 ml) with lids (purchased from local Gordon Food Store, Okemos, MI) and each container had 10, 4.5-mm holes punched around the upper rim. Each trap was filled with 125 ml of one of the following treatments: soapy water with 0.1% liquid soap (Seventh Generation Natural Dish Liquid, Seventh Generation, Inc., Burlington, VT), wine, yeast (a standard bait), or comboS bait. A red panel (7.5 by 9.5 cm) with adhesive on both sides (Great Lakes IPM, Vestaburg, MI) was hung from the center of the lid through a paper clip glued on the lid to ensnare attracted flies and to act as a visual stimulus. Traps were hung using a wire attached to opposite sides of the trap and secured to a branch in the middle canopies of cherry trees (ca. 2 m from the ground) to achieve similar exposure at all trap locations. Traps were deployed randomly at least 10 m apart from each other in five replicated linear rows (blocks, 20 m apart) on June 23, 2016 when cherries had started to color, through the harvest period from July 5-7, 2016, and after the harvest until August 25, 2016 (total 9 wk). Traps were serviced by removing and replacing liquid baits or soapy drowning solution and sticky cards before they were rotated weekly within each block to minimize potential position effects. Trap contents and sticky cards were transported back to the laboratory where the number of male and female D. suzukii, and total number of nontarget Drosophilidae were counted. Due to a low pressure of D. suzukii when cherries were harvested, fruit injury evaluation was not performed.
Numbers of male and female D. suzukii flies captured from each treatment were averaged weekly, and transformed to log 10 (x þ 0.1) to normalize the distribution and homogenize the variance as verified by the Shapiro-Wilk test before being analyzed as a 4 Â 8 factorial design with type of bait as one factor and week of the month as the other. The week of June 30, 2016 was excluded from analysis because no D. suzukii was caught in any of the traps. Numbers of nontarget Drosophilidae were analyzed as a 4 Â 9 factorial ANOVA including the week of June 30, 2016. Numbers of males, females, and total D. suzukii, or nontarget Drosophilidae over the 9 wk of trapping were pooled to calculate grand totals of flies captured, and were subjected to square root transformation before being analyzed by one-way ANOVA. Mean separations were performed via a post hoc Tukey's HSD test (a ¼ 0.05).
Results
Experiment 1.1 D. suzukii Response to Wine and Vinegar Baits in the Laboratory
Capture of D. suzukii males and females was significantly affected by amounts of rice vinegar in the wine:vinegar mixture (males: F ¼ 5.2; df ¼ 5, 35; P ¼ 0.001; females: F ¼ 22.0; df ¼ 5, 35; P < 0.0001; total: 18.3; df ¼ 5, 35; P < 0.001; Fig. 1) . Among five polynomial functions tested, only linear relationships between the ratio of wine:vinegar and numbers of flies captured were found significant (linear function for males: F ¼ 22.9; df ¼ 1, 35; P < 0.001; females: F ¼ 89.0; df ¼ 1, 35; P < 0.001; total: F ¼ 79.3; df ¼ 1, 35; P < 0.001). Numerically, wine with 20% rice vinegar captured the highest number of males and females among all the treatments. This mixture was as attractive as wine alone, and captured significantly more females than wine with !40% vinegar and more males than wine with !80% vinegar. Overall, increased vinegar content in wine decreased capture of both male and female flies. Rice vinegar alone captured the lowest numbers of males and females. Over 97% flies released were re-captured within an hour of the experiment.
Experiments 1.2 and 1.3 D. suzukii Response to Wine and Yeast Baits in the Laboratory
Wine bait captured nearly or over twice as many females (1.8Â) and males (2.3Â) as the yellowish yeast bait (females: t ¼ 6.7; df ¼ 7; P ¼ 0.0003; males: t ¼ 6.4; df ¼ 7; P ¼ 0.0004; total: t ¼ 7.7; df ¼ 7; P ¼ 0.0001; Fig. 2A ). Yeast bait in red color was still less preferred over wine bait by males and females (females: t ¼ 8.0; df ¼ 7; P < 0.0001; males: t ¼ 3.5; df ¼ 7; P ¼ 0.01; total: t ¼ 8.3; df ¼ 7; P ¼ 0.0001) after the color difference between them was minimized (Fig. 2B) . The overall ratio of flies caught by the two baits was 1.5:1. Over 81% flies released were re-captured within an hour of the experiment regardless of the dye addition.
Experiment 1.4 D. suzukii Response to a Wine and Yeast Supernatant Combination Bait in the Laboratory
There were significant differences in fly capture among treatments (females: F ¼ 8.4, df ¼ 4, 20; P ¼ 0.0004; males: F ¼ 8.0, df ¼ 4, 20; P ¼ 0.0005; total: F ¼ 11.3, df ¼ 4, 20; P < 0.0001; Fig. 3 ). The wine-yeast (combo) and wine-yeastS mixture (comboS) were equally attractive to both males and females, and captured the highest number of D. suzukii flies compared to the other baits, whereas wine, yeast, and yeastS were equally attractive and captured the fewest flies. Male flies significantly preferred comboS bait over wine, yeast, and yeastS baits; likewise females significantly preferred comboS over yeast and yeastS baits. Both combination baits captured significantly higher numbers of total flies compared to the other baits. The interactions between wine and yeast, or between wine and yeastS were not synergistic but additive (wine Â yeast: F ¼ 0.4; df ¼ 1, 20; P ¼ 0.6 for male; F ¼ 0.7; df ¼ 1, 20; P ¼ 0.4 for female; wine Â yeastS: F ¼ 0.4; df ¼ 1, 20; P ¼ 0.6 for male; F ¼ 0.7; df ¼ 1, 20; P ¼ 0.4 for female). Over 90% flies released were recaptured across the experiment.
Experiment 2.0 Field Trapping Study
In the cherry orchard, both bait (males: F ¼ 87.2; df ¼ 3, 117; P < 0.0001; females: F ¼228.9; df ¼ 3, 117; P < 0.0001; others: F ¼ 245.0; df ¼ 3, 117; P < 0.0001) and sampling date (males: F ¼ 35.4; df ¼ 7, 117; P < 0.0001; females: F ¼ 51.7; df ¼ 7, 117; P < 0.0001; F ¼ 6.2; df ¼ 7, 117; P < 0.0001) influenced numbers of D. suzukii captured in traps (Fig. 4) . The interaction between the bait and sampling date was also significant (males: F ¼ 4.7; df ¼ 21, 117; P < 0.0001; females: F ¼ 6.7; df ¼ 21, 117; P < 0.0001; others: F ¼ 2.6; df = 21, 117; P ¼ 0.0006).
Numerically, traps baited with comboS captured the highest number of males among all the treatments in the week of July 28 and thereafter (Fig. 4A) , and captured the highest number of females in weeks of July 28, Aug. 4, Aug. 18, and Aug. 25 (Fig. 4B) . Significantly more male flies preferred comboS bait over wine bait in weeks of Aug. 4 (F ¼ 8.8; df ¼ 3, 12; P ¼ 0.002) and Aug. 25 (F ¼ 136.7; df ¼ 3, 12; P < 0.0001), and preferred comboS over yeast in the week of Aug. 18 (F ¼ 326.3; df ¼ 3, 12; P < 0.0001; Fig. 4A ). ComboS captured more females than yeast bait in the week of July 28 (F ¼ 6.1; df ¼ 3, 12; P ¼ 0.01), and more females than wine bait in weeks of Aug. 11 (F ¼ 7.3; df ¼ 3, 12; P ¼ 0.005) and Aug. 25 (F ¼ 18.9; df ¼ 3, 12; P < 0.0001; Fig. 4B ). Yeast bait in one replicate captured the first D. suzukii fly in the week of July 7. There were nearly no D. suzukii flies in unbaited control traps throughout the experiment. Traps baited with comboS captured the highest numbers of other Drosophilidae flies among all the treatments throughout the experiment, but the difference was not significant compared to yeast or wine bait except for the week of July 28 (F ¼ 35.6; df ¼ 3, 12; P < 0.0001; Fig. 4C ).
For total numbers of D. suzukii flies captured during 9-wk experimental period, comboS captured significantly more male flies than wine or yeast bait (F ¼ 43.5, df ¼ 3, 12; P < 0.0001; Fig. 5 ) and significantly more females than wine bait (F ¼ 81.5, df ¼ 3, 12; P < 0.0001). However, the comboS also attracted the highest total number of other Drosophilidae flies (F ¼ 51.7, df ¼ 3, 12; P < 0.0001).
Discussion
This is the first study to demonstrate that the addition of rice vinegar to Merlot red wine reduces captures of D. suzukii. Even though there was a small increase in fly capture with wine:vinegar at 80:20 ratio rather than at 40:60, the ratio used by previous researchers (Landolt et al. 2012a,b; Cha et al. 2012; Iglesias et al. 2014) , this increase was not statistically different from wine alone. The inhibition of attraction to wine by rice vinegar is very likely due to increased acidity in the mixtures. Recent research shows that oviposition by D. suzukii females decreases with an increase in acidity levels of wine grapes (Ioriatti et al. 2015) . Increases in concentration of acetic acid in baits results in a deterrent effect to D. melanogaster (Reed 1938) . One of the reasons why D. suzukii attacks ripening fruit might be due to the acidity level in the fruit. As fruits start to ripen, acidity decreases while sugar content increases (Ioriatti et al. 2015) . These changes are likely indications of host suitability for growth of flies and their associated symbiotic yeasts. Based on our results and findings by Landolt et al. (2012a,b) , we recommend that the content of acetic acid in a food bait should be kept under 2% if vinegar is Fig. 2 . Mean (6SEM) numbers of male, female, and total D. suzukii flies captured in scintillation glass vials baited with either wine-vinegar mixture (80:20 ratio, referred as wine) or yeast-sugar water mixture (yeast-yellow) without (A) or with red food dyes (yeast-red) (B). The asterisk indicates significance between treatments by paired t-test at P 0.05. Fig. 3 . Mean (6SEM) numbers of male, female, and total D. suzukii flies captured in scintillation glass vials baited with wine-vinegar mixture (80:20 ratio, referred to as wine), yeast-sugar water mixture (yeast), its supernatant (referred to as yeastS), the combination of wine and yeast mixture (combo), or the combination of wine and yeast supernatant mixtures (comboS). Means followed by the same letter are not significantly different by Tukey's HSD test at P 0.05.
used as part of a bait for D. suzukii. According to our study, Droskidrink (wine:vinegar at 25:75 ratio, Grassi et al. 2014 ) is likely not an optimum bait for detecting D. suzukii due to its high vinegar content.
Capture of both sexes of D. suzukii in red-colored wine bait was much higher than in yellow-colored yeast bait in binary choice tests under laboratory conditions. Minimizing the color difference between the two did not change the outcome of the experiment significantly, suggesting that volatile compounds in wine baits play a more important role in D. suzukii attraction than color. Indeed, Merlot wine and rice vinegar mixture emits at least 13 volatile compounds in addition to ethanol and acetic acid. An eight-component blend consisting of ethanol, acetic acid, methionol, isoamyl lactate, diethyl succinate, acetoin, grape butyrate, and 2-phenylethanol is as attractive as the wine and vinegar mixture in the laboratory and in the field (Cha et al. 2012) . Likewise, yeast and sugar water mixtures release over 28 volatile chemicals, with many of them eliciting electrophysiological responses by D. suzukii at various intensities (Scheidler et al. 2015) . Drosophila melanogaster rely heavily on volatile compounds from yeast rather than from plants to locate its food and oviposition sites, and baker's yeast on its own is sufficient for development of D. melanogaster (Becher et al. 2012) . High sugar content in ripening fruit allows yeast species to grow and flourish, sending volatile signals to flies for an indication of excellent growth conditions full of essential nutrients such as amino acids, lipids, and vitamins that fruit alone can't provide (Becher et al. 2012) .
Both combo baits captured significantly more D. suzukii males and females than wine, yeast, or its supernatant alone in the laboratory. Fly response to comboS bait (wine-yeast supernatant mixture) was similar to combo bait (wine and yeast mixture). Likewise, yeast supernatant is as attractive as yeast bait in terms of numbers of flies captured. These results suggest that the supernatant preserves the majority of attractants from the yeast-sugar whole mixture, and opens an opportunity to use yeast supernatant to develop food baits. Potential advantages of using the supernatant instead of yeast-sugar mixture are reductions in messiness of bait and vulnerability to spoilage, since yeast supernatant is generally clear and has no sediments, making specimen identification easier. Wine, on the other hand, acts as an excellent preservative for collected specimens. Therefore, combining the two (comboS) may augment effectiveness of each individual bait.
First detection of D. suzukii occurred when fruit were ripe enough for harvest during the week of July 7 by a trap baited with yeast in one replicate. Our continuous trapping study after the normal harvest period simulated situations where a higher population pressure occurs before the harvest. Overall, under these conditions, the comboS bait captured more males in most of weeks and more females in some weeks compared to wine or yeast alone. The preference by D. suzukii to wine over yeast was not observed in the field as seen in the laboratory; instead, yeast bait performed as well as wine bait. These results were also different from previous findings by Iglesias et al. (2014) reporting that yeast bait attracted more D. suzukii flies than wine bait (wine:vinegar at 60:40) in blueberry and wild blackberry. A possible explanation could be that fruit volatiles from different crops interfere or mask those from experimental baits, therefore affecting outcome of bait performance under different background conditions. In fact, fermentation baits have shown their inconsistent efficacy and variability in D. suzukii trap captures in different crops (Hamby and Becher, 2016) . In another study, D. suzukii responded differently in blueberry and caneberry to the same fermentation baits, probably due to differences in crop phenology, host preference, surrounding habitat, and plant architecture (Burrack et al. 2015) . In our study, the significant interaction between sampling date and type of baits also suggested fly captures changed as the season progressed. Cherry fruits were harvested from July 5 to 7, but there were still many cherries on the tree and on the ground to allow continuing D. suzukii population growth. These decaying fruits could impact fly responsiveness to experimental baits by providing competing odor cues. Temperature fluctuations over the course of experiment might also be a contributing factor, since temperature affects microbial activity, rate of volatile emissions from baits, and fly activity.
Our data suggested that red wine in combination with yeast supernatant could be utilized by IPM practitioners as a low cost alternative to commercial baits or as a replacement for yeast, sugar, flour baits. Our data, however, do not provide direct comparisons for these baits and we were unable to determine if our baits provide enhanced capture under low D. suzukii pressure. The latter concept has important implications for IPM programs and has presented an ongoing challenge for D. suzukii monitoring programs. Miller et al. (2015) have provided a well-developed conceptual model on trapping efficiency where the process of trapping a small insect is divided into three distinct phases: findability-the organism's probability of finding the trap, efficiency-the organism's probability of engaging with the trapping mechanism, and retention-the organism's probability of remaining trapped. At present most, if not all, D. suzukii trapping research and IPM programs have used some form of "cup" type traps that require insects to enter small apertures and then drown in a bait solution. In the context of Miller et al.'s conceptual model, data collected in these studies likely provide information relative to findability but do not address efficiency or retention. To do so requires that insect behavior response to traps be directly and explicitly measured. A survey of the literature yields several papers that compare traps in the field but in all cases the traps compared were different variants of a cup trap using field trap captures as the final measure of "efficiency" (Lee et al. 2012 (Lee et al. , 2013 Iglesias et al. 2014; Renkema et al. 2014 ). Observations of D. suzukii responding to cup traps in flight chambers suggest that < 10% (likely much lower) of contacts with the trap result in captures (Huang et al. unpublished) . Low trap efficiency and retention could greatly increase false negatives in monitoring programs under low pest densities. Thus, understanding these two factors for a range of trap designs, including noncup type traps, should be a priority for the development of early season D. suzukii detection.
Although we cannot infer how well the baits tested in our studies would perform under low densities, the apparent additive effect between wine and yeast supernatant was an exciting outcome. Neither wine nor yeast bait was specific to D. suzukii even though both were successful in luring D. suzukii to traps, and the comboS bait captured more nontarget flies than either product combined. The widely used yeast-sugar mixture contains a baker's yeast, Saccharomyces cerevisiae. Interestingly, S. cerevisiae is an industrialized strain, and rarely found with natural populations of D. melanogaster or other Drosophila species in the field (see references therein Hoang et al. 2015) . In fact, S. cerevisiae has been shown to be significantly less preferred over the naturally associated yeast strains by adult D. melanogaster (Hoang et al. 2015) , suggesting that S. cerevisiae is not an optimal bait for D. melanogaster, and likely for D. suzukii. Recently, D. suzukii is found to host symbiotic yeast flora, with Hanseniaspora uvarum as the most abundant species present in its midgut . Symbiotic yeasts and their associated volatiles should provide a promising avenue for improving attractant selectivity. Additionally, these volatiles are often chemically distinct from the pervading background odors emitted from plant and fruits, and are likely to fulfill the needs for D. suzukii early and consistent detection.
